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9 I A f f B l S 
2wi »ii iw>i^ i » W i f t f « i t« f« f t« i l tool for 
•BOlyoio ixrolTiBf tvttoo BOtoviolo. ^M gfost otopXioitf 
of fiw totiuiit«o solGto ioa oxolMiiio o Toty •ttvaoti'vo i n i 
lBOX9«uiivo tool* Hftjor wmmh99 of opyXlootloBO of ion 
osiliwiio lioo boon ia tho floXA of ohfosatogn^liiSr* Otlior 
ft^flieatloBO not istolv ia i ohvoBKbogms^o proooAusoo 
laelndo olneldotioa of tho otmotiupo of ts*«oo aadoriolo, 
lAoatifloatloii of fttoetlonol gvoapo* eoaeoBtratloa of 
flUiilo Boltttloaoy ehavgo oa tlio 1<HIO aaA t«oatl%»tivo 
lafomotiOB for •orlouo roaotioiio. Xoa O M A I M I ^ lo A 
prooooo ia vbiOk oa iaoolaUo (or iaaiooilOo) laotovial 
vhoa ooaoo i a ooatoot vit l i oa olootroljto oolatioat tatoa 
a9» otoioMoaotrioaUf^t ioiw 9f pooitlro or aogaliiro 
^ar^oo aal rolooooo otlior lorn* of l i t e OlMTgo froa «te 
olofttralirtaft* Za lalioratorioa I M I OMIIOBIPMWI aro aMw aft 
ift laftMtast tool for tlM aolntioft of aav yrolAoaa tlMKl « • 
Boiaa olaaoi I r aar l i i o i l i l o l l a t a taA aaiofttiJrta* ttft 
^^^^ftPw ftl^ftJp^riFwftfti^WP tH|j^ p^<ftBPIWPftlll^ ftt(pft|PBi ^POP ftii^^^w ^ri^^ft^^^^HB^l^P ftp^p l^ ^a^p jip^ftw^ft^w^a^^^^ 
i l l %h9 teiy Bi%I«. lloaM^ ir«t4« tluit tli« H t t « r i m « ^ 
«l«l«« tluit Mft ifmt«r iM«s 9«r| of i i « M i t oeslMft 
fiXt«v«4 «lif«ii|^ MYlftia %jvm of M i l , ^ M ion •xeHai^ 
pTOp«ytl«s of vood ooUvlOM in t te fifl«t • « • • eaA thsl t f 
•iXioatoe in tlio ooooai ««•• aigiit toro —wwA to ispvovo 
tlM tairlo of vstor. For a loag tino ao offoit vao eioAo to 
eito tho oneioiit rofoitnooo. 
Xa tho aiddlo Of oiaotooatli ooatitxir tlM phonottoaoa 
9 4 
of iOB oxohaago V M todiooovovoA Ibf fk»mmm oal Voy Iqr 
tiM aaao of teoo oxolunigo i a oeiXo* Vli«i aoilo ato tvoitloi 
vith oanoaiaa aalta* oaaoaia is takoa «» tgr « IM ooiX aaft «a 
oviiiraloMt aaoaat of ooX^wi in toloaoo>» I t vao ootop* 
iHHwii I f Bi«tooii^«Mii aooXitoo novo yoijf iai^to for ^ k$M 
aiMA %Bf SBHMI ttiA SMiaXor • AoMHrtiJui to lioa^oiiB waA 
itaaatayiaa l a i to t te aao of Via aai«vai aatovtaXa fMT 
M«Ut«« aaA •Jiaar** ^ M •iftMist^i %•# of th* ion •JMAUMME*' 
MaiMi or 99^a«st«i Ml ' l t * Mmmnmi of 9l«i«l1tf.litar of 
i«g«ioi«<li(mt l^ hooo sooUtoo tmA oligro oovilA te uooi ovor 
ana agaia* XtUiitotio&o of aoolitoo oaA oSLoyo voro oooA 
vooXlaoAt l«o« aoolitoo aro dooompoooA ^ aoido HIMVOAO 
olaaro avo Aiff ionlt to liaiiAXo* fo ovofoeao tl»ao l iv i t f t * 
tioao a ooax^ for otiriilo lott ox^aago satovial vmm olortoi. 
Xtt 1991 IttUgraa^^ oWorvoA thai aolpliito ooSlmlooo vovko 
ao as ios oxoiMiifor fior tHo AotovaiiuitiMi of ooppor* Mm 
Astofosting Aiaoovofir Itogas in 1999 liMA Mans aai lolaos 
foini ttst omaikot fiwwiya»li looofia M l i i i i i MMM ownasgt 
fvtiOTtios, f l i t jpwMMriaiMo offaa* lot ^ M Ummiimm 9» tlM 
llfVlttMMMiLS of MMMMKiO iOS MHtfUMUM VOfllMl tMUlil IMA 
%(it9w f«i90vlio» tiMs aiqr of t io ynotiiiM ytstiMls^^* 
l^ iWliMM iMIKMVI'WMMtS V090 WMlO to t lMM fSSlMlf ^y|m|y 
«f l«r VwilA fMT I I Iqr iiayislos I s V*t«A« Mil BKg34Mi« 
MuuM mmm^mm astt at alii o tnmMA ooftte asA aoao to teaAXa 
flM OifllMiWNI Otta lO VSfiOi 00 tOl t l l i , - tllOiHifOJWIj UMI 
l ikfttwAHst l i o t g f t V i m i t l A f t ttti l iMpi « • • • 
i«ii «BdUHig«va iMV» %••» « M i i f l l i in l a i w l i y m t iS 
• f ^fMif i t f t t t* aal tl»«iifl;llat tiM wNlUAiai •£ 
12 
• 
•o ai« tlid«« vltli of«a»i« ion •X«1MIIC» f«a«liOB« iiaft«v 09»» 
taiJi oeiiAiti«is« f!te vwsiaa •» • iiA«i«kX« ia «%ii«ous 
«yst<as at higii ttKf•r«liiv«s «aA ift 9ip«««ne« of ionlaiag 
n d l K l l O t t O * F o r tllOOO V O A M B O t lMVO hMI boon « VOMUnglBOO 
of iatovost la lnoftaaio ioa oxelimeora in roooat jroava a« 
thoy aro aaaffootod fef ioalaiaii mAiatioaa aaA aro ! • • • 
•aaattiva ta tiiilMr taapavrntuvaa. vim atvaatiira af Hiaaa 
uMi9iiPHdla iaa aiahaa^pya la vil>fff %jM9pa*vvaf %iiair ava MMNI 
aalaatiira aai aaitabla far tlia aayavael&att af i«M am tlui 
iMMla af tliair 4iffavaal fava aiaaa* Bit i^ liaMLa tamwla 
laiilaliM laiiaiiaKa* tliay aaa tia aaai atraataiaaiialr §M 
Maaiav a^<ttMi^ lai9^ * SaaiipMla IMHI aaafeaaiga MMtlMvaMS iMMP<a 
af tlia iflHMty • f iaasgaKia aaateaaaa ta vittAlaMi MLgNHr 
taaaavidnHNMi aaA IttMAiP IdLj^  aalaatji l l i Jap aMrtaiM laMi* 
HIHllllA HI -A |Hua|^ ^ftuMia lifcl^Ja «|u|g|u|^^^^M|^^A| M ^ ^ ^ ^hdt* <A ^ ^ ^ ^ M M A ^^jM^liJll^M^k ^ ^ ^ ^^M||bi|||^|^Jk^|k^^ v ^r 
ia0yv«iio loa •xehaai^vs MQT ^ M M %• iMgiA ia f943« I t 
sivtoniwi i>lioipl«%« anyyttvl^ tf ^a ailiMk ««aX mmia %• aati 
to mparata mwiiua Mid platenlaa ff«B flMioa pvoduata hj^ 
•a loa •xeliftBgt jpvoMaa. Za aAiitioa ta ilvaoalaB i^ ioa* 
^tt t t memj o%li«r alaiXaF aalialaaoM aar te 9i«9ai«A %r 
«aalaiaiac •ad.dat af giaap XT vltli aata aaliftia oxiiaa •t 
grm9 T MiA tZ af tlM 9«vi«ii« taHla. 
f f i j iMnra ^aaa alalMMjr tatUatt ia UMI ajatjfftili af 
Myiyiait^^ iU.«li iMa iaataa a alaMfta ia MM.a f i t i i * 
aa taaaa awMMnUMa «VMI f lH^ P****9a9 IMMNI 
• i a i i I f firtMaali aaft faatay^'*^ amlaa ttea faUaaiae teaiat 
l« <yifaaa aaiiaa 
f* ifMUyia j t l l i i aC i l i l i a l a i t a t t i ^ 
9« laltia Mt iMiMMMala aalia 
) • ftmrtAMirttia idtoaMUMMMUyMMilMMi a i A 
21 
22«>2T 
aad VaXtoft^, fte rt««sl tvvads ia %lw fi«14l of imi • • • 
^Mag« lMr« \%mk watmxiMtA la «h« ^oianuil of OlumuKlo* 
f^ttplqr* ToJLuM 102 (1974) lAioli ootttidaa the paper* pvt* 
sestet nt the third ajrapeetiai ea lea ex^ wueiie held at 
Balteaflined (Raagiy) oa 1 ^ 2i»51, 1974* fhe papers pre* 
emted were divided late fear eeetleaai (1) lea eiahaaje 
aaterialBt (11) theory of lea endMoiget ( i l l ) aaalirtleal 
^^•j^jB^i^B^ei^a^w^Ma^^waar '^•aiaa ^ wtti^t M wk^iraa ^ i^^ w i^pe^^BWBaB^a a'^ ^^paeaaw '^'^ wiiFi^ ai^ p a aie^^f aw^^^UBPi^^^^ 
Blaa of lea exeiunce haa heea vail eataihliahai and fouad 
to he a dlffaaiea preoeaa* 
flMi aoo of ehealMi foaeil&OM oaa aHae ho aaio Urn 
•pfSfiiiii ohalatias iMi oMkaanoMi oat IJigaBl OMIUHIICMII* 
nit ilkalailai ioa onhMm aatoitala hoiav* allka tiao I M I 
••iiiaaddia aai the ftuMiloaal fiaat &• • diholatlag l a a j f l 
^mmk %m ftatd vith ^1» «MI aaHtx* ^Om ItjWid 
Oft the other haadf holMwo la a 
MII|M1» loftf idWUtfi alM^ iNMnNHi' ao IAMI oniRMiSl aaiMA -oif' tto 
MiMiteiiL.' Am iftiilHjA tt i i i i i M B S iMk' MM*MM|grfyBa» M M U R I A ^ ' 
A I t i i t —i»8» ^ g u t — • « i>ir t t e ympAMKlAMi • € 
^•Xaii i ig tMi •»itea««M, teif« %•«• •!%«§ u i «w U t M w i m 
9olyB«ils«li«i MP MlAitiMi 9«ly««fi«fili«i MIA intViAiiitifltt 
Tttiltd phjrtileftl fom« misr time Iw e1>t«lii«i vit l i MMI I 
a n i t * vtmg0 9f pvfmxmtUnm* fwetlmw %h» imture ef ^ M B I -
e«l •dditiotts I s iMiMa «A tli« itttvodnfltioa of vld« «uif« of 
tttttorioXo. Oholotiag oxolMagors tliuo ti«ro tuo dooim^lo 
psopovtioo of Idcii oft»ool«3r» l i l | ^ mXmi^intft Itinotieo 
oaA Idlgli aoikoiiiool otvosglki* Toimsr^ liao aowMtriaoi %IM 
actttvo of M«ii ooBpomAo voooBl2|r* Fol|r«o«dofto«li«a IMO 
boos i # f U o i %ar Bagrsr^  ^mp %1M pw^mmMl^m of AoSjitiaf 
oittiwmffi oostoiJtfJii gSyvxol Mji (2i49i9oaar»alX) gpa t a l 
• y i kA MUMMMtflftXly I IOOOIVWMA OMMBMP MiA M—MutMi f!MMi ••11 
^W^W^^F i^WW ^W(f ^P^^'^W ^^mWlp ^^^w ^^^W^^PI^^IW ^^RPJW^FT^^P ^ P ^ W M P ^ P P I P W W ^ P ^ ^ ^ H M P ^ ^ ^ ^ ^ P ^ ^ ^ ^ ' ^ W ^ B ' ^ ^ ^ W ^^P 
mliiMP OMilMniii MiotM iil i l i^ lo oo1oiit[l¥o 1M flLXmif** AOIAM 
MiMWiir M A liiAilik lum IAJMI IMMA VLMMI AHP tiMi votowmif nf 
flMi UfMA i r t w m y t ff>tiMiv«lf aov O I M * At i«» 
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« J I j 8 8 I 8 < 0 4 « 
l i f i •• W wi ^ ••% iw» 
if 
dlMMl^CVtlPlqr Oft t lMBlMI*^ IMS to«B (MOMMfOXlar • I g l l t B O J 
ia tiras Of i ts ioa •mluoig* piopoftits* lowtvwt tlMi « M 
ooatftlBliig mmplMMlog oskioBS auoii »• F«^'» Cn'*^ * Ki^ '^ 't Ag*" 
•t«« fWMtiag vith attttnO. or oaloalo qpooioo iddl^ e«B oot 
«• ligwiAB. Thm ooiipX9X«s art formiA la tho oxoluMigor ^ 
tftkiiig 1^ tlio Ugaiiia froe %!>• •xtoxnol Mlatloa la tiM 
oelattloa ^uiU of the nctal ioa* 
Xa llgaad •xelMac9» tlM loa oxoiungor slapljp aota aa 
a BoUi eafviar for t ^ oonyJl^ slac aataX loa iHkltSi la alaa 
%hm ooaator loa of tlm ox^aagor* fhoao aaftofiala liavo ^ iM 
aivaatagoa of iOgh ooi^tloa oai^ aalty aaA hlgii ao loa tm^ 
«»r tto Ugaaia. 
llM fvaaoi* wivlE aaaaavlaaa tiM atalioa a* a I t g i j 
%ft«i aai aolaaa atailaa a«a aaia ftv a w t w at jliaaaf 
aai aaalytlaaUf latovtoa* aayomflioaa ava Malai« to 
apaw^^ ^aw ai^  ^ ^^a w ^IF^^ aaafcgai^BailWi aP'^o^p^w^^Bi^^P^a vanMa wTH^^Maaia i i^ awBa ^^Rw^^w^w^a 
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9Mm llaaaayam, ! • A* A*, faafaatt r«» ltaaaafalli» H« 8«» 
8a«iP9ial» 0. aaa Baaalatti* 8*» 8api« 8ai« f a a ^ t f5t 
• • 9 (1911). 
98» (a) MMaavalUf ! • A. A.» ffaafaaiy r.» KaaaavallA, • • 8«, 
8iaif!iij[ii»f 8«» aai ibMMiMitlRlt B** WupB^m 8 i l» i faalUt 13» 
•89 (1978). 
^ P l 
99* KMMWti » • « • MMI HflpCfllf V* • • § MHUL* fflilBit Mra%f 
90* 9 (t9V»). 
iO« Oaiitt K* la t iMMMltt Aw» l^i^U €iMS«i f t f 499 (1919)• 
««• V4MMM9» ' • • VWMMUklf m»$ wMMt#f X* MMH MUHMvf &•» 
(2* fllMVf ?• X, nft 0viMiUn« B*t Aasl» Qb«i»» SOt 1346 (197B)« 
^« eiUNHMtOiV*» I79t 37 (1979) • 
64* ITlDjLaait 7* 2«, l l«MfO«i i«i* f iOt 7ft { f 9 9 ^ « 
! • 
MimmkKmLmmmmMmaMmJmimmmiMmk 
01 AianiMA iM f 9(111) worn 
If 
0 i A f f f i i n 
fli«y» hMB %—m ft «t««if immmm i» tlw aaniliwp of 
vovlMM MpUyiBff Uf tat •mkftags ibi«Mii««ff«pk]r (£10) fSiv 
%li« mppllottkioii hftt b««B Mdaljf ooafinti to tlM ooporoAioa 
of Mlaos aaA otlior Bltvogoa eoataiaiag ligoiiAo • This io 
piQbobly duo to tko oosvoaioaoo of traAitioaal ion osc^ utago 
BotlM^o for thoir ooyKrotioas* Tovjr UttXo work oa tlio 
•oporotlOB of plM&oXt boo hmmk roporloA *^, aXtlkotigli 
PetvoBio ot oX. uiod tlilo toelmltiio ftor tlio roooirofy of 
j^inolio ooMpooaAo ftea aotuyo]. votor^. 
A diffiottXtf vitli litfoad oaMlMnco oluPMMitoim i^y &• 
^Mil o fvMtioa of MtoX ioa %o«»A to tlM foiia ia olirtai 
imm, m olaoal vitli a ftoo oatiaa ia aaoi* mim f M l imm 
aovavalr vaatviotoA tte oteiaa of aataX IMMI* O f j l w 
vai&aa « i ^ oaf^aarUa aai iaiaoAiaaatata «*•«»• iltlwaiii 
aafa ta maa« (iunroA loalsiio of aataA iaaa tsla • • i i a i i 
•alaiAtft* l« t tlM iwtaat aaa aa lav Iftat aa aatvaatiM 
.f 
iNMMUL<t(i» UJ^MMMHI flMMViUrtt^  MKMI iNI %# i^W MlM% VlAlAf 
l « y « ( m ) «•>« for tut M9«rai i«i of M M plMMlo. topfto 
iwlioB OB Mt^ ft M i « r i « l ^otoato sort ioloroiHriaf ooMii•l^-> 
lag tho fftot that tbt i«t<Mitios ti«o im tMo • • • • io 
mppw9lmV3^ y«Aiie«« 9«ia« to tlio o^oonoo of tho o i i i t ioaol 
lutorootloa thot oxioto IMtvoos tlui poljrotjroBO motfls of 
a eoivrotttioaol ioa oxohaaKor aad tlio aroaatio ujirm^m: 
liiiiiBii M il 111 lAiB IJ liii liiAiiJI 
«fl«pliot«iwtyle mmmuf9mnAmp M«9««tlir«ljr« Aa Bll«e p i -
WMtmr M^A*! Xii«fO «»• U M A tw fS A««i(ftti»«tiOB«« 
BilftllBft* A«tlv» bMi t ttlmialwi oxlA* (pB 8«9^«9« 
parli«l« t i M 110-900 ••• i l ) (K)B, XiiAi*) ««r» wplAy^a f)»9 
el»MB«to«vai»ld« stuAi**. F«vn« alttrnt* (BDH, XnAia) wm 
« M A for I t s «o«ves«ioa to f«<XIX) fom, flui pli«a»Xio 
0o2tttldaa irei« prapKrad bgr AlMioliniig tht» althor l a iiaftar 
or l a tfthaaaX AapaaOiag oa thmtr aalAMlit laa. % • Folliaa 
vaagaat vaa praparaA falXaviaff tlw ataaAanA aatlMA' for 
%lio AotatniaaliiHi of pfaaaoXa. 
QiratlMiata of foXXlaa Raagaali To prnpaipo tho taaiwid 100 
iaa of aoAiaa taagatalo ( m , XaAia)» 29 pM of aoAiaa 
aoXirMato lOaiMHif) aai TOO aX of AMiaovaXiaoA valav aata 
wW^^WBW*"analWil ^Pw " • sWWr • M a l^waHiPi* W v V a K M R M v •ifc*WBHpBMl> 3 W F JHM» wafc 
aiH K ^ 4 Cira« XaAii4 wA 100 aX af ioaaolaotaA I K i 
(AaalAlO vaaa aAAoA %a t ida . f lM fXairii vaa aHaotiaA ta a 
vaflttx i i a iM iny ly aooaa of a at^pav otappaA i s tim f o i l 
^a(ai^w ^^^^oaww^^a Hp^wHaaP^i^l^ •t-^^aF • i^p O^^P^B^^^OPO' ' • "^•P^ ' '^^^ ^AF*^ oBHa vaaaiiwBWP AiWBaBjpw'''i''P''^ '"A' 
a|fl^ ^^^^^»'B ^M^a^^voav^^a v j^^^ ^^^^w ^a^a ^w^^H^aaB^^^waaaRaat^vvNa w^^mpii^^* vaan^^v ^a^i^^a ^^^a^^l^r^^F ^a*^* 
l i fMA t j i a i a i cue* M i i d «MPO oMoi to &t« t iMi mm 
tiMlMnl WM IMAJMI M P f§ SlaMlMNI 'lAklMMrtl IAMI 
• i l i l t fllAvi t . l a i mi fMfmt M t 7*f aX vf MlsttMi of 
i i lKloi to i f s i vitu ioalMiwUioi voioy oldlA teo %OM 
HOMMA to 50»f9^« flM siximio voo oUoooi to itooi for 
20 aSJNitoo oai tlio r—Himg warn tofeM i i f 10 • m Ofolaol « 
voofMit Mkoak. OoUtootiOft ootvoo for oUi tlio piMnolo 
VOVO pVOpOVOA* FfOM tllOOO thO OttMMtVOtlOtt Of OttlOMiini 
l»lioaoIo vovo dotoYBiiioi* 
fiUPAIIflffl 9? #P9l»iiy» 20 «io of teoio oljniia&ini oxlAo 
V08 ItoBtoa with 200 mX d«BtiaofmIis«d votov ot 100^ for 
halt tm hour* Zt imo Aoototod aaA Aokott with 2 aol AaP 
fonrlo a&tmto for 10 hooro, Tlio hvmm ffiotoriaX oo o^alnoi 
i«o to oAoorption of forrio iooo woo tlioo votkoA tw— of 
fodZX) iono vitli AoolAoroliooA ootor* fflio olMoltlJif of 
7o(UZ) ia tte olaoot voo aoAo tgr ooool aotfetoi oitli 90t»» 
ootwo tlilo^roftoto* 'Bm ootorijUL voo tlws Aiioi ia oa ovoa 
«l 40^. 
Millff iflMOTICT gitiifliyyi fo Aotoiaiao ligoai ooiytioa 
oiyooitr t m oliataa ia fo(xn) fom voo oopr^vtoi oa a 
glaoo oooi ift a mSmm • f 0 a i fiaotiiao of ffoiotonoiMi 
tlio fhtaoH oallooioi ia tiM offteisl vao •otooaiaol* 9m 
luttt alily tilMa H^UMUI tiMi aaoaat foaaft aftov IMMi 
miia. t i l * awMit #f fiMMtillJi m itmaMMm t w n J i i «Ni 
t i m o^Mit j r of almda* vitliMit f«(ZXX) ««• S X M «•!•*>» 
Ki»«i for OOKO 9^0Mlo im tlM i^aUjHP 
fflHiifti M i f lM l * K«to3. l««ki«« lato tlio olmliac ooliitiMi voo 
dotondaoA Ity ohoklBc 0*9 g of tbo tvootoA osolMa««r vit l i 
tho doolMd oolttllOA for four hmatm at rooa t«i»or«ltir«, 
THo ?o(XXZ) ioao oltttoa into thm o^uiUtarotiiiff oolntiom 
iraro dotorralaod vith potoooitiai tliioeyoaoto®. 
MI I ITff f lWII mmn* n ^ liro«ktiao«iii oivoolty « M Aotor-
Biaod by ooI««a oporatioa. ITht 10 B 1 oolntioa ooBtoialac 
f acAiX oooli of tooMOplwBOl «al teoaooroooX voro paeooA 
tluPMili tHo clMO ooioMi of AiMaoioao 3K> «• hmt^t aai 
0«99 00^ oMoo oootioaal. oroo XooAoA vitl i 1 g oziAuoigov i a 
ftCZZX) fo»« Por ooa»onooa oiaiXar otuiioo novo aoAo oa 
aatiaatoi oaolMa^r. H M rato of flov i a iotfc tiM 
a a t a a l a t a t a o i a t C f a X a i a - ' . 
at^^iaiwi^inf m a i ^ . Biotriliatloa oooffioloato of t7 
f l w i H WW iotoMiaoi I f batiii f laoooa m tlto 
i a 99inz) imm* 0.9 § wmtikmm» wm ttuOmm v i t l i a 
^t^^^^^9wt ^ ^ ^PW ^( • • iP '^Pw^^^a^ ^M^^^^ViBMk^p I^RJPflHWwMWHP «a^W* • i H W o 
llMi IMHMdl fii^taMi l a •&! Hi^ MMMMi VM i f •!>• AMI 
«f yiMMMl. Twit f i l ig ia ym M9«iMiMi i UfmMM mm i«l«fi» 
• • • f f i« i«Kl (11) V « 1 M « f t » 9IMM3LS «WP« —liwl«»€t l y 
««lac tii« foUtfvlac • i a« l i « i i 
- - I * f I f , -1 
t 0,5 
viMM Z «aft f Mr* tlk« •••«&% •< pli«B0la \mt9w maA mi^mw 
•tvlUliariini* r««p««tiT«ljr« lt^« tota l •oajuia af aoXvtioa 
! • 2$ B 1 BBfl ammut af azaluoiiar uaaA la 0*5 ff« 
iiyillMiflglff* ^ '^ *^ iMMla of Xaviga dlffaraaeaa la lA Talaaa 
(aayaratioA faotov > I0)« aaaa aa^aratlaaa vara t x l a i , 
8afaratiaaa vava pavfataai aa a glaaa aalaaa a t 30 « i iMiglit 
aai 0.39 m^ evaaa aaatiaaaX aiaa. nia azalwacar ia ra( ZZX) 
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w^mmOXum m^mm t i t IMMHW •»• i—nalii la fiiay» 
ffAl» 1X2. StaMUIr • t iwMUXIs«i 7«(XII) i s €iffWUA 
MlTtnt*. 
^••• • • • • • • • •MMMMMHMMaiiHi iBWMaai iaBaanni ia^^ 
U 0.1 so l «B*^ ROl 49»0 
2. 1,0 SI02. to*^ aoi lOO.O 
3* 0*1 nel te*' ^^^4 ^'*^ 
4* 1*0 aol te*' BjSO^ 9 i . e 
$« 0.01 nol te*' ISj 0*0 
«• 0.1 M l «»*' 8S, 0.0 
t* UO a*! i a * ' 18^ 0*0 
• • Ud aiA l a * ' I««l e«0 
9* t»f atl. «a*' 9i%9U AtU 0*0 
9t iMdNMlMlX 
fit* !•»%. 
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91 
11 if Ii i19 i 
b l ^ sffiAitr ' • ' f«(xn) »• acOMt OnCn), M i l ) «r 
BiCXZ), flM Mtmt iOA 9t P « ( X n ) « M f«inA M f i x * CHlt 
•li^l* tliat i t s apyUoatioa to U««ad •xfllwiic* ctttAii • 
•iMuli b« aAvtntagsottS ••^••ialXy idMft eoovtlafttioa of 
ligaad irith tli* e«atvml wmttJL ioa oeoomi tlvmitfii oxgrgMi 
atOBS* FI1MIOI0 ar« th«ff»foi« » noet enitalil* elaas of 
oYKoale ooispoaiiAB tor mparotioa oa tliio isatorial uaiag 
XigaaA oxohaago elireHalogi*apliy. 
A eoapailooa of xooalta giyoa la tablo XI for aioovp-
tioa oapaoitf^  of alaniaa ia Fo(XXX) fofB aai oa aatvoatoA 
aXiMiBa for irarioas phoaolo iiov tiMt oalr a a u U anoaat 
of ^MBOl io votaiaod oa tfe« aatioatoA oxoliaagor oaoopt for 
KfMiailol aal troaoylioaol i^ ioroao tiM oapaoitf of iifftfOBt 
fluwJlt of aXaaiaa ia fo(ZZX) i»f» iratioo twm 0«9i to 0*9 
•w^p^P^ •a |p -flaw SIWP^WWMIP oMHMW^w wow^p apv^MtvavaBfVNBO ^^w^ jwiw^WBiaw>a^p 4waB WB^WF •aoB'ip'^wiwp 
oaoo ooowi I f irivtao of tlMir i i i l i t F to foM OOO^IMMS of 
•atfiac «la%iUty vitli tlM to(ZXS) looai to tte ontiaaioy 
si^ toiia* OflnalMi teiMiSiMi ia OMM OMMMI oaaXA bo oXamKlfl'' 
la t t i i i t io i i vitli tho oatiMMmw aatsis ia yooaiUir 
tt* U» t M «»«««ii«ft • # f f f f i i l l l * ^ Mli iMBtplMHMl 
l l« t« l i M l M i ^ i i i i i * * f«v»ax tiMit •>••»% f « r mUkm 
M U M M i»%«tf«ffM«« lA t i l * A « t M » i M t l i M Of t lM • l « i « i 
pkAMlS. AoiAit M l t t t iMMi llO«fV«y» S t U ^ ftff 1 ^ • • t s l 
iofts, emMMitmtisms of toXylMvl* M i d a M liarAyMia»il« 
aolA ft1»0v« t wflX d s * ' l««r« tli« •sdtuuigov «ii it« i a • • I m r 
t f i ^ a l l th« F « ( i n ) ion* eoai9X«««ajr tXutad into tkm •q^Oli-
brfttlag •olutioA. 
By»alctliv«ii«li eapattity i s dcfinaA as tiM aa«wit of 
lone wfeldii efm bo tokoa i^ quaatitativolar bjr tlio ooltian 
ttBAor tb * ooaditioBO i n QmootlOB» 1«9« tho aaabov of n i U i -
oq^valoato oliioli OOA bo totaiaoA irltlio«l aagr XoaltaiO boiai 
obsovroi. iroaklbxwM^ oi^atolty io tbo oopaoity vlKLflb f 
«llJilaoA a a t l l broaktluravi^ oooiivo* I t i o alao kaoon ao 
t t o dysaaio oi^Mk^tr or tbo n o o f ^ oai^ooitr* 
I H M bapMiBttuNivdb BooooItT i s slMuni loiOff tiuHi tbo 
t^ t i i l ssftt i i ty of tbo o n l w i aal i o doponloal 09M1 • aiMibir 
• f A i f io fMi t wvioMloo oooii • • yo i t io lo oiaot f lov totOt 
fMfll^OiiitiMI 9^ OOliKtiOtt Ot#« BVOlriiMUNMIlIb Wt99ltlfL^ %M 90t 
Ml oMMl l f i o f l a o i vttia* b«t i t ioyoaio o« ^ M i o a t l t i w i t r 
• f ttM OOtlMli IMOi to AotMMlaO ttMl OOifli OlUHNl lOOlMHHI Stf 
fftlft tlMi AitI^MiOK is ir»ii i9««« WtvMa t te vtetft sav l i * 
• l i t t VUJt %% %«kMI i l i i t •#••«»%• f h i t f)Mt«V w i l l MMM 
Aiijr tm&%mt vliliii o«Btil^ii*«« to as iaovowioA fi>««i 
of wttotioa, • • « • « Aimiaiohod partloXt i^ao oa aa iaavaaaoA 
taa^ara'lwrat vilX iavoXva a atMrpaalac of tlio otarro. Braato* 
thnmnh oapaolty of tha eolmai le gvaatly laaraaaaA aa tlia 
alaa of fartieloa ia diaiaialiad. Vha teoAktturo<ai^ eii^aoi'ljr 
iMOOQioa groator for inoroaoiag laagtli of tha ooluBn. Cufvaa 
aro oliarp for long ooluana than for wlda eoliiBiui* SimrpaiT 
oarvea aafl high lyraakthftra^h oi^aeitj oaa ba acAU.avad 1^ 
kaapiair tha flair rato low* Tha offaat of f lav rata ia 
graatlar diapaadaat apaa the ooaatitutioa of tha axohaagav 
aaA tha partiala aiaa. For axahaagara with a& opaa aatvark 
atraatarat tha flav rata haa a rath«r aaaU iaflnaaaat 
alMraaa far atraa«ly araaaXinlBat raaiaa thia fa«t«r ia aaiy 
•Icaifiaaart* aapaaially i f l^a partialaa a»a aaavaa* Aa 
iMMPaaaa iai tMnHKnttttva aaaaaa M I iBaraaMv hvaakMuwaph 
aataittlr* itaiAstlHNmili aapaaity Aiaiaiahaa i*aa tha aaU i t r 
taavaaaaa, B^N»fimMita aiwv thail affHat af aa aMi t ias af 
aalA m a^a tha laaairtlwa«#i aayaaitr tm mu/k giaatav far 
UmB vit l i aav a f f l a i t f far raaiaa* 
Sha iHNMtktIuNMMdi aaaaaitar sMal^Mi ava aaaaaiKMA tei 
UMm Xf M i t i c * l«ii%« 4 t f p i M i *•* gliapdl •wrt* i « 
•%itfft i« f lMM 0liiii«» vtnr««l«« nmt « • MMf • • ^^ ^^ 
«MMi i»v v i t iMit Mur tvMM of i t lioiat A«%*«loA ia tlM 
•ftdlMBl* 0» tlM OtlWr IWBi, Itt tiM OMM 9f VKlVMItOi Altt* 
• l i f t • • • » t l l« f i f V t tei VOllBM AiA »•% ilM»r ImtAKlaiUNNMI 
vytate of t i l* 91MM1. AAaorption h^a§ a voldivoly slov 
PM«0M, tho ^fMklluPMili ia tli« lattor iaatMioo oomuraaA 
ia ti lt f i rs t h«A f9lmm i taolf • Siai lar l^ oa ttaatoA 
•laaiaa eolaaaa ttm Hvaaktlwo^li for oataahol aoeasa aftor 
4 iMi TOlnao (eonraspoaAiac to 40 ag ret«itioa) as agaiaat 
oaly oao h9& Toltosio (oomopoadiag to fO a i rotoatioa) oa 
aatvoaloA eol«a&s« Coaploatatioa of phaaola aitl i t te SmmfA^ 
liood Fo(XZI) i a tho alaaiaa aatvla i a tiMMafeva fairli^ 
sv^iA BM i s aoro advaatagooao thaa aaia^ aatvaatai aiaaiaa* 
fh* Aiotvibatiea oaoffiaioat of a oalaia io Aafiati 
aa tte vatio of ooaoaatmtioa of tho M2aiia l a nm oartiat 
aal i a tbo oalatioa. Vm i ia tv i la t iaa aaafflaiaiiii i«ia»» 
aiaaa tao vato %f aliiik a ooaato t ia ta la Aaaa a nl iMi> 
fha Aaryaovo af •a»avali«i of a aistaao i^paala 19M idm 
mp^an^mk faator* f i a soyafatiai faatov ia t te taattani 
• f tlw aowMstvatioa tatioa of tao t«a aawttav ioaa i a « M 
imk aaidMitaa aat tfta oaiatiaa* 
tlUA im imiitotgui a«dlft» fh« ggmmtrnw •tmteiXity of tiMM 
pliMnelt in ae«toa» anA %Ii«ir gi««t*r pi*«f«r«iio« for ooovii-
ntttioii for vftttr iBOl«oal*« than with «09ton« poa«il»ljr •»-
px^^ m . ^ . « i ^ . r^ « «a . . . « o.ot e,x «,"' «., 
fts« lAtavftitliig* BxprUm a f««f ti^ « phanoJLs tli»w a d»e«o&8« 
ixt la. It i s tmlllcftlj that d«er«i»0« in ret«iitlcni i s d«i« to 
th« pro89iiee of otmptftlng aniao ligmiA. Aquoouo MH^ only 
bsliigi about a ofaaiigo in i^ of tho oquilibratiAg ao3»ti<Hi 
TOMatiaf in tho loaa of lisaaAa fron tho ooatval aotal ioft* 
7M,o wmm» to bo tho roaoon for tho gvoator rttoatioa of tlM 
SJIOMXO lAioii t9wm eonploxoo vitli Fo<XZI), BQ«iail»niti«i of 
fdl«MlUi in tiM prooonoo of oomotiaf ligaaAo M I ^ • • oitmil* 
tmm mA 9TA roaalto ia «pp*o«itiblar a«««» rotostioa la all. 
Ciaylqr ia tfea aoparstiwi of Ugoaia* fte aopataliaa $X 
1t§tirtr aia anidovai aa tiio baMa oC iliffitfoaiai to tia 
atiaajilk af • • t l o m af a aatal iaa a&Mt iratlaaa l l j t a l i 
T \ .(* T— ^ 1 
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FIG.2g SEPARATION 0 F m-CRESOL-VANILLIN 
CATECHOL 
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%• «••€ for •I«tloK A«V«1«IMI«BI. f l it I ^ « 1 « A X wMiamkfm 
of •latlQii i « t M MKft Ml 1» 1«A •xftli^igft <bi«a«.tftgy«^if 
nitl i Hi* oaljr diff«x«iio« thai ligwui* 1IMI%««A of ooiiiit«r 
iMi9 ar» •xehangoA. 8*iMawli«i» ^ XigaitA •xelUMBg* eliiwi«lo-> 
gmpiiar a«« ImMA oa %lw Mlt^tivi l iy of ion •xfliiaii#»v. A 
MpaintiOB 10 poeoililft oalsr viMoi cm i<m e3E^ baj|g<i*> eas dla«-
tlagnlah 1}«t«««a tl i* TariottB Ugui&s. This ••X^etlTltjr oaa 
h« aeoomitod for hjr tho aoaoiurwaont of t& vaXuos and eoapa* 
riooa of KA valiuio fov Tarioao Xi|;OBio. 
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